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SHEAR LAG IN A XZYWOOD ~-STTUNGER COMBINATION

USED FOR THE CHCEIDKEMBER OF A BOX REAM

By Pelamede Borseri end Ai-ting yu

-

Theoreticel and eqerimental investigations were made of the
distribution of strains in a mood sheet-stringer combination used
as the chord member of a box bean ected upon hy bending loads. The
theoretical solution was obtained with the help of the ~inciple of
minimum potential energy end certain stipli~ing assumptions. Strain
measurements were made on a built-up box beam by means of electrical-
resistance strain gages connected with strain indicators. A very
satisfactory agreement between the theoretical end experimental strains
WSS obtained.

. INTROIXJCTION

. The development of monocoque end semimonocoque structures in
airpl.eneshas introduced the sheer-leg problem, which, in brief, results
fran the fact that box beams with thin, wide chm?d members do not follow
elementary beam theory. The assumption of uniform ncrmel stress distri-
bution on fibers equidistant fra the neutral axis of q transverse
section is not ‘justifiedfor these beams. The deviation from uniform
nornkl.stress is caused by the”shear deformation in the chord member
of this type of structure, an effect not provided for In simple beam
theory.

Various theoretical treatments have been cerried out end nmsrous
experiments have been conducted to check the adequacy of them, especially
on isotropic or orthotropic metal structures. Very little information,
huuever, is available on p~ood construction. For plywood sheet-stringer
combinations there appear to be no data.

The yresent investigation is a condensed version of a thesis
presented to the Massachusetts Institute of Technology in partial fulfill-
ment of the requirements far the degree of Master of Science in Aero-
nautical .Engineering. The theoretical development presented in this
thesis is due to Dr. Eric Reissner, who outlined to the authors the
severel steps necessary to obtain the solution.

.
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SYMBOIS
.

x

Y

z

L

2d

h

t

b

A~t

%

E~t

%

%

spmwise rectangular coorckhiatemeasured &cm tip to root in
midplane of cover sheet

transverse rectangular coordinate measured frcm longitudinal
plene of symmetry to gdge in midplane of cover sheet

coordinate axis perpendicular to neutral plane of beem measured
frcmbottcm to top cover

besm span

beau width

%esm depth

cover-sheet thickness

side-web width

area of cross secticm of

modulus of.eksticity of

modulus of elasticity of

modulus of elasticity of

nth stringer

cover sheet in x-direction

nth stringer

side web

modulus of:rigidity of cover sheet referred to shearing
stress acting parallel to x- and y-sxes

u8heet, v displacements in midplane of cover sheet in x- and y-directions,
respectively .

%eb displacement of side web inx-direction

‘web displacement of side web in z-direction

Mx applied bending mcment

‘x} ‘XY
strain ccxnponentsin cover sheet

‘St Mngitutinsl strain in stringers

‘web longitudinal strain in side webs

.

.

.
.

.
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IEVXL02MENT OF THFORY

By following the suggestions given by Reissmr (reference l)>
a ccqkete solution of the shear-lag problem for the case of a sheet-
stringer canbination used as a chord member of a sin@y symmetrical box
besm of constant cross section is Wesented. Further generalization of
the method my be carried out with little difficulty, since the generel
procedure r~ns essentially the seinefor sny c-on shape of be-
or load.

&iIICiPb of Method

The method consists in
as the sum of the ener of

Ystrain-energy function and

#

expressing the total energy of the system
deformation (the volume integral of the
the energy of external forces. Thus,

3r=lti+7ce (1)

Following this, the differential equations of e~tilitii~ ~e obt~ned
fran the theorem of minimum energy stated as: The displacement which
satisfies both the differential equations of equilibrium, as well as the
camiitions at the lounding surface, yields a smald.ervalue”for the potentf~
energy of deformatbn thm eny other dispkc~t, which satisffes tie S-
conditions at the bounding surface” (reference 2). This can be written
as

&c=o (2)

Assuqtions for Simplification of Froblem

The expressionsfa fii and - me are lazed on the following simplifying
assumfiions:

(1) It iS cust~, in deeli% with problems of this nature, to
neglect the stretching ‘Y of the sheet in the transverse direction}
since it is very small as commsred with the stretching in the spenwise
direction. EIU& assumption h& been used even
solutions, - shown in reference 3.

(2)‘Since Gy = $, if

Here, however, we assume that

‘Y
= O, v would

the displacement

~.o

in “ex=ct” analytical

be a function of x only.

(3)
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(3) mtead of SSsmning a perabol.icdistribution of
reference k, Reissner suggested a parabolic distribution

NACA TN No. 1443

stress as in
ofidispl.acement

of the sheet in the transverse direction. These displacements &n be
written in the form

‘sheet = .
0

~(x) + 1-$ up(x) (4)

(k) The lineer side-web displaoaents ere determined in such a W=
that cover-sheet and side-web normal diaplaoements coincide Alona the
line of Juncticm, that is,

uweb ‘~(x)

(5) The sheet is flreefrom
is cm.rriedby the webs rely.

Equation (2) furnishes the

()+Ul(x) ; - 1

shear parellel to

(5)

the Z-SXIS. Such shear

Mfferential equations for the determination
of the unknown functions ~, Ul, and U2 of equations (4) and (5).
Since

e au
x’s

assumptions (1) and (2) are expressed by

.

.

.

av
G“”

.
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Hence,

5

(6)

Then, since ~, Ul, and w =0 functions of x o~~ e~~tio~ (3)

and (k) imply a parabolic distribution of normal strains

and a linear Mstribution of sheering strain

(7)

(8)

along q transverse section.

Formulation of Problem

A cantilever
the length of the
is Constsrltalong
bution of bending

box besm (or an equivalent simple beam having double
cantilever spen) is considered. The cross section
the span end the beam is acted on by a given distri-
moment. The box beem is sinuly fmmetricd. It has

two side yebs, with a sheet-stringer cover she~t-on-one side. (See
figss 1 W 2=) The oentroids of all the stringers are assured to be cm the
@dline of the dieetj hence bending effect on the stringers is neglected.

The potential energy of tie system iS obtained from

‘sheet //(
.~=d t Ex~x2 + G7?y) &c dy

o -d

(9)



Neglecting the shear in the side webs yields

Therefore,

Again,

From equation (5),

NACA TN No. 1443

(lo) .

(s0

.

.

.
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Therefore,

.

Finally,

For minimum energy condition, fram equation (2)3

L’

+
//

*bE#(x,w)5~”(x,w) dz dx

00

/

L

o
% c)U1—A

h
dx

7

(12) -

(13)

(14)
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From equations (6),(7),and (8), the veriation of strains is given by

“ %heet=’c$)+(-$)~~ -

—



I

#
, .

substituting these relations into eqmtim (14) yields

I
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Integration with respect to y in the first integral and with respect
to z in the second integrel can now be csrried out.

.

“/
d

W=2d
-d

h

[

dz=h

h

10

z
-H z=-:

oh

h

/()

2
z

1
h--

h
dz=-

3
0

.

.
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Substituting these values and grouping the terms

u

accordingly, yields

—=0
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Let

n

HACAT!N NO. 1443

.

fi=tExd+b~+ 2- % %3t
1



1

Integrating by parin giv13B

The first Imoket is equal to zero frcm#a folluwi!lg Emlgned

audat x-O,

~au~$
—.&-. &-..&. o
ax

.

I

boundary condltlma:At X = L,
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The integrsl thus beccmes

sre srbitrq,

Let

.
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.

Then

(15)

(16)
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Again,by elmnathg al, the following equation la “obtained!

BT introducing the

the finel differential equation is obtained

?22
~xa +32=4$

On aesuming ~ equal to a positive constant, the solution is

The conetents of integration ere detemulned ae folkws: At -x = O,

therefore Cl = O. At x=L,

(17)

(18)

.

.

.

.
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therefore

Consequently,

17

a%
Substituting U2 ad — into the third equation of equation (15)

&2
yield.e

At x=o,

ijhgref’oreC3 = 0. At x =L,

%=0
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Therefore

Substituting into

J

equation (22)

)

~k C*.

cosh $@

NACATN No. 1443

gives

@2 1

()

$!2—. (L2 -X2) (23)
~3#12 d12 - ‘4 + 2~3 $12

equationa (19) ad (23),

* f$2i3inh
.— ---

Consequently, fromequation (7),the strain is obtained as follows:

and from equations (8) and (19),

(25)

.

.

.
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DESCRE’I’IONOF TEST

For the purpose of studying the sheer-lag effect end stress-strain
distribution on a thin p@rood sheet reinforced by longitudinal stringers
used for
figure 2

The

the chord.menher of a box besm, the test specimen shown in
was built and tested as a stiple beem loaded,at midspan.

Test Specimen

beemwae 96 inches long, 32 inches wide, and 6 inches deep,
open on one side end covered on–the other by a &wood sheet-strin&
combination. The box beam itself was reinforced by eight transverse wood
stiffeners spaced 12 inches apart end four steel rods, in order to eliminate
lateral deflection. (See fig. 2.) Five longitudinal stringers spaced
5 inches apart were used for the plywood sheet-stringer cabination.

The side meniberswere rectangular beams of California sugar pine,

OIE with 6- by 2-inch end the other with 6- by 1~-inch cross sections.

Their widths were made inversely ~oportional to their respective moduli
of elasticity to meet the condition of elastic symmetry for the ccmposite
box beam.

The chord mariberwaE a sheet-stringer combination consisting of

five+- by ~-inch longitudinal stringers of California sugar pine glued

on one face of a sheet of jlywood of 0.O’7-inchthickness. The plywood
sheet was composed of two O.@-inch mahogemy face plies and one 0.03-i9ch
core of yellow poplar with the grain of the core end face plies at right
angles to each other.

The transverse stiffeners were 2- by 2-inch pieces of California

Suger pine. The steel rode were of
i
-inch diaueter fastened at their

ends by screws and nuts. All ccqonent parts except the steel rods were
glued together, with the face grain of the ~ood sheet making an angle
of 45°with the longitudinal axis of the composite box beam.

Arrangement for Loading

The system of loading was arr~ed to represent a simple besxawith
a concentrated load applied at midepan. The testing machine consi%ts
essentially of two pairs of @cks, individuell.yoperated, to deflect the
ends of’the beem, and of a yoke around its center connected to a lever
belance system to measure the necesseyy reaction force (fig. 3). For
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the
the
was

purpose of aEauring an evenly applied load, however, one pair of
Jacks was replaced by a stationary end support-. (This alteration
only permissible under the assumption of very smell deflection which,

in the pr6sent--case,amounts to o~-0.003 percent of the length of the
been.) The arrangement is shown in figures 3 and 4.

The load was applied by operating the two screw Jacks and their
relative motion was checked by spirit levels. Steel blocks with rounded
heads were used to approximate a line load; steel plates were used to
avoid cruehing of wood at the point of application of the load. Wtalls
of the loading device are shown in figure 4.

Arrangement for Measurement of Strain

The strains were measured by means of electrical-resistancestrain
gages connected with a portable strain indicator. Two different types
of gage were used: plain gages for measuring strains in only one direction,
and rosette gages for measuring strains in three directions at 45° to
each other. The etrains were read in microinches per inch directly from
the strain Indicator. Other details of these gages are shown in refer-
ence ~.

The strain gages were attached to plywood end stringers along three
different transverse sections, as shown in figures !5and 6. This arrange-
ment was decided upon in order to study the followi

T
characteristics:

high shear strains at section 1 (24 in. from midepan , appreciable sheer
and normsl strains at section 2 (12 in. from midspan), and zero shear
strain with high normal strains at section 3 (at midspan).

Rosette g~es were placed between longitudinal stringers to measure
both normal and sheer strains, whereas plain gages were located at the -
places where only normal strains were to be measured. Gages were closely
disposed on both faces of section 2 to provide a thorough check of theo~.
However, at section 3 where zero shear strain was expected, 13 plain gages
and only 3 rosette gage6 were used. Theoretically, meximum sheer would
have appeared at eectione near the end of the beam; hence rosette gages
were used at section 1 to check this phenomenon. (Local irregularities
at sections nearer the free edge would make reasonable readings impossible.)

The strain,gages were connected to the strain indicators by means
of a switch box to facilitate reading. (See fig. 7.) For every loading,
corresponding strain readings of all the strain gages were taken. The
initial zero load strain readings were checked after every series of
loadings. The strain gages were divided into two groups and readinge
were taken simultaneouslywith two individual strtin indicators. ThiS

scheme was arranged to reduce the time required for taking readinge,

thus reducing the possible influence of cree”p.

.

,
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Procedure of Test

The beem was loaded by successive 200-pound increments of loada
of: {1) from o to 400 ~ounds, (2) frm o to 800 pounds, (3)fromo to
1200 pounds, and (4) fram o to 2000 pound8*

DISCUSSION OF EYSULTS

A very satisfactory agreement between the theoretical and experi-
mental results for both normsl and shearing strd.ns was obtained. The
maximum difference of strains between experimental end theoretical
results (tables 1 and 2) was found to be about 15 percent of the experi-
mental value; beoause of the nonhomogeneity of wooden structures, this
result is likely to be about the best obtainable.

The comparative results were plotted SE shown in figures 8 to 13.
By plotting the experimental normal strains for sections 2 and 3 (figs. 9
and10), 10CSI.sheer-lag effects on the sheet between the longitudinal
stringers were observed. This effect w- to be expected, yet it was not
taken into accouritin the theory. To have done so would have caplicated
the mathematics considerably. The distribution of exp8rimentsl sheering

. strains resembles a cubic parabola, whereas the theoretical curve is a
straight line (figs. 9 and10). Nevertheless, the egreement is very good

so fsr as the h.sximumvalues are concerned. The other points on the
. curves show the theoretical results to be conseznmtive as to megnitude

of stresses.

In figures 12 end 13, comparative normal strain distributions on
stringers were plotted. In the development of the theory, it was assmed
that the centroids of the stringers coincided with the midplsne of the
sheet. However, in practical construction this is never true. Thus a
Iocel bending effect of the stringers was to be expectedy the result of -
which was that strains on the free face of the stringers were”of a much
lower value thsn those on the face to which the ply%ood was glued. A
relation between them cen be obtained as folJows.

If the stringer is considered as a emeU-cant3.1ever be= subjected
to a horizontal load of p pounds per inch acting on one of the faces,
as shown in figure 14, and if the vertical ccunponentof p which
apyears as a ~esult of the bending deformation of the stringer is neglected
by considering that the bending modulus of elasticity of the sheet is
negligible, the normal force and the bending mxnent at any section can
be given by the following expressions:

/

x

Nx = pdx

o
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*
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.

Mxa Nx
fxa=~+A—

where fxa and fxb aFe stresses.
—

For constant section and constant E the ratio of strains is given
by

Hence, for symmetrical sections,

For the particular case”of.rectangular$trlnger a = b =#,

dh~
I = ~~) and A = dh,

.

.—

—

--

.
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‘XllAlthough the relation — < 1 has been confirmed, Lhe experimental
‘xa ‘xb 1

results showed a large discrepancy from the relation — ‘~’
especially

‘xa
for the central stringers. For design purposes, the mudmum sbrain on
the stringer can be assumed equsl to that on the ~heet.

‘CONCLUSION

The theoretical and experimental investigation @f shear-lag action
presented is based on the concept of an idealized structure in which
the main sources of strain energy of the real structure are maintained
while the secondsry sources are neglected, and thus “theidi%l.izedchord
member has infinite rigidity in the transverse direction.

..

The test results ~ustify the adequacy of the theory for practicel
design, because the differences between theoretical and experimental
results in the cribical regions are smaller thsn would be expected from
the usually irregular behavior of practical structures made of wood-snd
plywood.

Massachusetts Institute of Technology
Cambridge, Mass., August 5, 1947 .
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APPENDIX - EVALUATION OF IFKEWRTS3S

Determinateon of’Bending Modulus of

Elasticity of Side Members

In order to determine the tending modulus of elasticity”of the side
members, a transverse bending test was perfomed (fig. 15). The specimen
was tested as a simple beam, supported neer the ends @md loaded at
mialqyan. The tests were run with the specimen in normal position end

-.

with it turned over. Deflections at midspan were measured by meana of
a disl gage. Load-deflection curves were plotted and ficqthern the
benrkl.ngmodulus of elasticity was camputed. A correction term for deflection
due to shear was included in the formula for E.

The average values for the modulus of eles!ticitywere found to be:

Beam I ● ● ● ● *..● .......● .........● ........l,7@,ooo psi

Beam II....,..0,● ,.● .............*.0....2,026,000 PSi

The value of

Determination of Tension Modulus of

Elasticity of Longitudinal Stringers

E for the longitudinal stringers was determined
from tension tests on swcimens havi~ the dimensions shown in fi~e 15.
The specimens were cut from three individual longitudinal stringe~s, the
longitudinal axes of which were pemllel to wood grain. Tension loads
were applied with the ends of the sp?cimen attached by tightly clamped
steel plates. Strains were measured by electrical-resistancestrain
gages with strain indicators, and Huggenb&ger tensumeters were set on
both sides of the test spechen for check readings.

Load-strain curves were plotted, frcm the slopes cf which E was
computed. The average value for the three specimens was found to
be 1,496,ooo psi.

Deterndnation of Modulus of

Elasticity and Poisson’s Ratio for Plywood

Modulus of elasticity and Poisson’s ratio were detezmd.nedby tension
tests similar to that outlined for determlnatl.onof E for longitudinal.
~tr~ngers. A simple bolted Joint was used at the enti.of the specimen.
Electrical-resistance strain gages were glued parallel LO the axis of

.

.
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loading on one face end perpeticulsr on the
to measure longitudinal end lateral strains.
out of the seinesheet used for the composite
as shown in figure 16, with the longitudinal

25

opposite face of the specimen
The specinens were cut
box besm. The sizes were
axis peralJ_el,perpendicular,.——

and at a 45° angle with the face grains. Load-strain curves were plotted
from which the data on modulus of elasticity and Poisson’s ratio were
computed.

The reading from the longitudinal gage is effected by transverse
strain and that from the lateral gage is effected by longitudinal strain.
In order to take into account these effects, the formula for rosette
strain gages was applied, and longitudinal end laterel strains were
obtained from

‘3
~L=el--

55

‘2
‘T ‘e3-55

where

el longitudinal strain-gage reading —

‘3 transverse strain-gage reading

Since e3 is alwsys small compared with el, the second term could
.

be neglected ti the fOrmti& fOr CL and E caputed Mrectly frc$.u

01 readings.

P/A F/A
E=—=—CL el

However, the effect of longitudinal strain on lateral strain is of an
appreciable amount; consequently Poisson’s ratio must be computed by

.

.
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l%om the tests,

Jm = 0.H.52

Jvu = 0.1189

Eu = 875,000

%

Determination of

for

Based on a well-lamwn result
plates (reference 6), a method of

= 837,000

Modulus of Rigidity

Plywood

in the theory of bending of thin
determining modulus of rigidity was

outlined in reference 7. The metho&consist8 in determdni~ the-deflection
of a square plywood plate loaded at two opposite corners and supported
at the other two. The deflections were measured at points on the dlsgOnS18 - ---
equaJJy distant from the center. Load-deflection curves were plotted,
from the slopes of which the modulm of rigidity was determined from the
formula .

where -.

P load on each corner

w deflection of points on diagonal relative to center of plate

u distance frcm center to points cm diagonal

h thickness of plate

The specimens used were 3- by 3-inch and 2$- by 2~-inch sizes and

their edges were either prall.el or perpendicular to the face grains.
Small thin copper sheets were glued on the corners in order to eliminate
local stress effects at load points.

The deflections were measmed by means of dial

was applied by a testing machine as shown in figure
\

gages . The load
17. Effects on dial

—

—

- “-

—

—
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-,

reading caused by initiel curvature end gage spring force were minindzed
by obtaining two sets of readings for each specimen, one with the loads
acting downward on two specified opposite corners, the other with the
specimen rotated through 900 so that the loada acted upward on these
corners. At the same time, Mel gages were carefully chosen so that
their spring forces were about equel.

From the tests, the following results were obtained:

3- by 3-inch specimens 2$- ~ ~-inch specimens

c+Uv 140,300 psi 139,300 psi

An average of five speoimens gave a value o? GUT of 139,900 psi.

Stress-Strain Relations for Plywood

at Aq Angle to the Grain .-.

It is usudd.y aam.med that plywood behaves elastically aa an
orthotropic materiel. The axes parallel end Perpndiculsr to the grain
are generally taken as principed-axes of strainsj

Let Eu end ~ be the moduli of elasticity

perellel and perpendicular to the f~ce grectn; Jvu
ratios in those directions; =d ~v~ the modulus
to shearing stresses perell.eland perpendicular to
respectively.

With x and y indicating directions at 450

—

in the directions
end Juv, the Poisson’s
of rigidity referred
the axes u and V,

to the face grains,

-x”

L )@-Juv+l-Jvu ~
Ex=~=-— —

Eu Ev + Gu

& ~-Juv l-%-— -—

~= 1 + Juv 1 + Jvu
——

‘w %+EV

(26)
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A derivation of these relations can be found in references 2, 8, and 9.

From the tests, it was found that ~ = 546,000 ~ 555jOOO>

‘= = 0.520 and 0. &)g, and ~ = 383,000.

COMPARATIVE VALUES BASED ON DATA FROM REFERENCE 10

cL indicates perallel to grain; T indicates perpendicular

I Mahogany I Yellow popler [

I EL(psi) I 1,380,000 I 1,430,000 I
*& 0.039 0.039

EJPSL) 54,000 52,000

I J~ I 0.552 / 0.406 I
I %Tb I 0.038 I 0.053 I
1 @(Pi) I 53,%0 76,OOO

= 8U,000

Jvu =

=

JUv =

a

= 644,000

F

x 13W) +(3 x 521 x 1000

ysi

x 54)+ (3’ x 1430jJx 1000

psi

\

to grain]

@%m%Tm + t@LpJTL#

~ ~4 x 54x 0.552)+(3x 1430x o.020j = 0.0455
7x644

1 c— t2Z~~ + tlETpJLT
tEu J

7+m@ x 13&) x 0.0215)+(3 x 52 x o.ti6~ = 0.0322

.

—.
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.

G c )L tz~+ tlGpUv=t

=~~4x 53.5) +(3x 76)] x1oOO = 63,200 Pi

1 1 l-JUP+l-JVU——
E;=q= 4~u 4% + *V

=L- 0.0322
4 x eill,om

‘-

1

+1- 0.0455
4 x 644,000

1+“
4 x 63,200

= 4.&26X 10-6

=J P=
&-v

1- Juv 1,-Jvu—.~
-- Mu -%

&+l-Juv+l-Jvu——
GUv Eu Xv

--1- 0.0%22- 1 - 0.0455 ‘
= 63.2 8U. 644

= 0. 71.2
:1- 0.0322 + 1 - o.045q

& m 644

1 l+JW 1 + Jvu
—. —A—

%Y-

1 + 0.0322

= 8U,000

Eu ‘

1 + 0.0455
+ 844,000

%

= 2.897 x 10-6

‘= = 346,000 psi
.

.
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Check of Str~-Energ Relation EUJUV = ~vu

Error from

%Jvu %% Difference mean value
(percent)

Experimental
value 1w.6x1o3 99.6x 103 1*OX 10 3 1.0

Reference10 26.1 29.3 3.2 U. 6
--- -.

The average or standerd data given in reference 10 do not conform
to the requirements of the strain-energy relation as well as the data
fhm a limited nmiber of tests on the materiel used in this beam. An
effect of this sort would be expected, perhaps, but the actual discrepancy
when the data of reference 10 are used is greater than would be anticipated.

.

.

.
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SUMMARY

31

XRomm’ms OF WOOD

Computed
From Computed from

experiment frcml data of .
experiment reference 10

Difference from
data of refer-

ence 10
(percent)

Side members (California sugar pine)

El(psi) 1782x 1(-)3 ---------- llA4x 103 56.0

q(psi) 2026x ld ---------- U/.4 x 103 72.0

Stringers (California sugar pine)

E~t(psi) 1496x d ---------- UM x 103 30.6

Plywood (mehogany; yelhw poplsr)

Eu(pSi) 875 X 103 ------- --- 8ZJ.X103 8.3

Ev(Psi) 837 X lC$ -------- -- 644 x 103 14.4
.

JUT o.115 ----------0.0322. ------- ------- -

I 1 ! I
Jvu O.llg ---------- 0.0455 ------- --.---- -

Gu~(Psi) 139.5 x 103 ------- --- ------------ ------- ------- -

Exy(psi) 550.5 x ld 433 x 103I 216xld 155
I

‘XY 0.565 0.553 0.712 -6.6

Gg(psi) ------- ----- 383 X 103 346 x 103 1o.7

Because of the length of the tables recording the observed strains
end of the computations of the theoretical strains, test data and
computations sre not recorded here. The reduction of the test readings
was done by standard methods, by using the properties of wood obtained
from experiment rather than those from reference 10. The theoretical
values were computed from the procedure presented in the first pert of
this report, again by wing the properties of the wood in this particular
besm.
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.

The curves of fi@res 8 to 13 show the agreement between theoretical
and experimental strains when the values resulting frcm the computations
are plotted. The agreement is, in general, satisfactoryevidenoeof the
accuracy of the ccmputatimswhich are not included here.

.

.

.

.
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TABIEl

!mEoRErIc.ru Sl!RKm

@or 1000 lb at midspan; for m lb at Ma

(in.xfrmn
Sheet Stmngera

Mae edga)
(L)

‘x 7=

(2)
‘St

(bottom)

o 64.01 x 10-6 64.01 x 1o-6 32.0x 10
-6

--------------

5 6$$ -------------- g.$ 34.42
12 10 -------------- ● 41.68

12.lm 92:7$ -552.68)(10-6 -------------- .------------
19 101.93 -634.87 -------------- -------------

0 no. zq -------------- 11o.27 55.13
? ral.33 -------------- lm.33 60.16
10 150.49 --------------

(S9c%orl1)
150.49 75.?5

12.1875 170.01 J@.ks -------.----.- ------------s
14 l@.lo -557.62 -------------- .......-------

0 1.46.19 -------------- 146.19 73.09
5 55.: -------------- ~@61 ee.go
10 .......------- lJ2.30

(Sec?im 2) 12.l@j S2;66 -316.37 -------------- ..-..-”------
14 ‘&l.m -363.4P -------------- -----.-------

0 141.920 -----.-..--”-- 141.9Z0 70.96

5 177.81p -------------- 1~. 82 &L91
285.50 --------------

(Sec&m 3) %75
285.50 142.75

355.18 0
14

-------------- -------------
423.34 0 -----------.-” -------------
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Sheet Stringers

lectimn (IL ) 6 -; ~q {e ‘“ “,, j ,,
x

“7
, ,.. ; Y“:, ,:” ““wL ~ -, (’%3 (Ix&n),.. .’,

.12.lQ UQ.14X 10-6 -nom x 10
-6 -496.40X 10-6

1
-.-..--..-- -----------

-793 147.35 -s.26 -al.@ ---------- ----------
-2.5 145.31 .22.23 -15.28 ---------- ----------

-15 354 -70.36 -@k.42
-12.1675

354 x 10-6 ----------

2B.64 ------------- -------------- ----------
-10*O

----------
--..--— ---- -------------- qo 176 x 1o-6

-7*5 t 9.35 -25.67 -D7.53 ----------

-5

---------.
--------------- -------------- UZ5

2

----------
-2.5 138.76 1o.16 -lg.$q ----------

0. 164

-----------
------------- -------------- 164 -26

2.5 137.6 Io.lg &@ ----------
5.0

-.-”------

180 --------------- -------------- 1111 50
‘7*5 191*30 -34.69 117.50 ---------- ----------

10.0 264 ------------- --------------- 264 @
13.00 240.49 -35969 302.40 -..,-------
15*I25

----------

353 .-----.------ -------------- 353 ----------

-15 479 ------------- -------------- 479 ----------

-12.1875 304.53 -73■6 -16.33 ----------

-10

----------

300 ------------- -------------- 300 183

3 -7*5 205.15 -22.08 13.13 ---------- ----------

-5 202 --------------- -------------- 202 9
-2.5 152.23 32.62 4.02 ----------

U50

----------
------------- -------------- 160 -17

; J-93 ----------,--- -------------- 393
10

----------
------------- .........------

15.125 ?2

----------
------------- .-------------- g ----------
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Figure 1.-Symbols used in the theory.

.



NACA TN No. 1443 37’

.

.

I II

i--- ‘4-

1-a“ “A”

b

/ /6 ;/7.

Z&zz?!d-J&-3”A@?t/d/#d
P.”m sfn’ngefs

~ Ue s-c? d

Figure 2.- Testbeam.



.

.. .-



NACA TN No. 1443 39

Figure3.- Beam readyfortest.
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Figure 4.- Detail ofloadingdevice.
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Figure 5.- Location of strain gsges.
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Figure 7.- Strain tidicatorsand switch boxes.
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x = 22 inches.
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Ffgure 12. - Comparison oftheoreticaland experimentalstrabIsin

stringers. Section 2. x = 34 inches.
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Figure 13.- Comparisonoftheoreticalandexperimentalstrains in
stringers. Section 3. x = 46 inches.
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+
straingages

1

— +’–– -
($ ~
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4 ‘t

(a) Specimen for determination of E O+longitudinal stringers,

Connected to
testing machine
load system

I
1, + 11

(b) setupfordetermination of E ofside members by bending.

F’igure15. - Proper@ test for sugar ptie members.
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‘1.

4

(a) Specimens for determination of G.

Straingages

(b) Specimens for determination of E.

Figure 16. - Specimens for plywood proper~ test.
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(a) Test specimens for determiningG.
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(b) Detailofloadingdevicefor determinationofG.

Figure 17.- Test setupand specimens for determiningshear modulus G.


